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Abstract 
Indium tin oxide (ITO) substrates were functionalized with fluoroalkylsilanes (FAS) having 
formula RFC(O)N(R)(CH2)3Si(OMe)3 (1, R = H, RF = C5F11; 2, R = CH3, RF = C5F11; 3, R = H, RF = 
C3F7) and containing embedded amide moieties between the perfluoroalkyl chain and the syloxanic 
moiety. Subsequently, Au nanoparticle deposition (AuNPs) onto the ITO-FAS functionalized surfaces 
was carried out by immersion into a solution of citrate-stabilized AuNPs. The ITO-FAS and 
AuNPs/ITO-FAS modified systems were characterized by various complementary techniques and 
compared with AuNPs/ITO modified with RF(CH2)2Si(OEt)3 (4, RF = C6F13), free from functiona l 
groups between the fluorinated tail and the syloxanic moiety. The results showed that only ITO 
glasses modified with 1, 2 and 3 displayed an oleophobic, as well as hydrophobic, behaviour and that 
the AuNPs Surface Coverage (SC %) directly depended on the fluoroalkylsilane nature with the 
following trend: 60% ITO-2 > 16% ITO-3 > 9% ITO-1 > 3% ITO-4. The obtained results revealed 
that, in organosilane 2, the presence of a methyl group on the amide nitrogen increases the steric 
hindrance in the rotation around the N-CO bond, resulting in the co-presence of two stable conformers 
in comparable amounts. Their co-presence in solution, combined with the lack of intermolecular N-
H...OC-N hydrogen bonds among the anchored molecules, has dramatic influences on the 
functionalized ITO, yielding a disorderedly packed coating able to accommodate a large quantity of 
AuNPs. These results indicate that AuNPs can act as excellent probes to evaluate the coating layer 
quality but, at the same time, it is possible to tune the gold loading on electroactive surfaces depending 
on the chemical structure of the used fluorinated silane. 
 
 
Keywords: indium tin oxide; environmentally safer fluoroalkylsilanes; amide groups; amide 
rotational barrier; gold nanoparticles; surface coverage. 
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1. Introduction  
Fluorinated thin films serve as vital tools for the fabrication of functional surfaces, such as coinage 
metals for corrosion prevention, inorganic oxides for self-cleaning [1][2][3], steel or electronic 
devices as anti-fouling and anti-fingerprint coatings [4][5][6][7]. The increasing concern on long 
perfluorinated alkyl chains owing to their bioaccumulation, toxicity and environmental persistence 
has boosted the attention on environmentally safer building blocks with short perfluorinated carbon 
chains, involving no more than six carbon atoms [8][9][10]. Nevertheless, in spite of the lower impact 
on the environment and human health, the latter systems display worse performances in applicat ions 
where a large content of fluorine atoms is mandatory in order to achieve a significant oleo- and 
hydrophobicity. As a consequence, advanced synthetic strategies in this field cannot simply involve 
shortening of the fluorocarbon chain, but have also to include a complete molecule re-design, in order 
to simultaneously meet all the pending requirements. Once the task of producing new and safer FAS 
is accomplished, the investigation of their arrangement on different surfaces is of great importance, 
and gold nanoparticles AuNPs has proved to be excellent probes for the evaluation even of small 
variations in the coating layer structure [11][12][13][14]. 
Within this frame, recently we have investigated the properties of indium tin oxide electrodes 
(ITO) modified with environmentally safer fluoroalkylsilanes (FAS, perfluorinated alkyl chain RF < 
6 carbon atoms) through the chemisorption of FAS molecules onto the surface bound silanols [15]. 
We found that in the organosilane C5F11C(O)N(H)(CH2)3Si(OMe)3 (1 in Scheme 1) the embedded 
amide group, promoting intermolecular hydrogen bonding among the anchored molecules [16][17], 
plays an important role and can balance the lower fluorine content. Indeed, the surface of ITO 
modified with 1 (ITO-1) presents a contact angle (CA) and a surface energy similar to FAS with RF 
> 6 and typical of amphiphobic materials. Subsequently, we have investigated and compared the 
properties of citrate-stabilized AuNPs deposited on ITO-1 with those obtained by depositing AuNPs on 
bare ITO and on an ITO previously silanized with C6F13(CH2)2Si(OEt)3 (4, in Scheme 1), free from 
functional groups between the fluorinated tail and the syloxanic moiety [18]. A combination of 
4 
 
spectroscopic and electrochemical characterization was used to attain a thorough insight into the 
influence of the amide functional group on the system morphology and electrocatalytic behaviour.  
Encouraged by our previous results, in the present investigation we have further investiga ted 
the influence of an embedded amide moiety on the structure and orientation of these type of molecules 
bound to the surface, and examined the effect of a further reduction of the fluorinated tail length. To 
accomplish these goals, the new organosilanes 2 and 3 depicted in Scheme 1 have been employed. 
 
 
Scheme 1. Chemical structure of the monomers used for the ITO modifica tion. 
 
Compound 2 differs from 1 by the presence of a methyl group on the amide nitrogen, whereas in 3 
the perfluorinated tail is two CF2 units shorter. The methyl group on the amide nitrogen in 2 plays a 
twofold role: i) it acts as a probe to study the role of hydrogen bonding on the morphology of the 
coating layer; ii) it affects the rotational barrier around the N-CO bond, giving rise to two different 
E/Z conformers that can eventually impact the packing of the anchored FAS molecules. 
The modified ITO glasses have been subsequently treated with AuNPs, and the AuNPs/FAS-
ITO structures were characterized by different techniques to study the interplay between the 
molecular structure of the FAS molecules and the properties of the produced materials. 
 
2. Experimental 
2.1. Materials and procedures 
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The chemicals 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyltriethoxysilane (4), diiodomethane, 
K3[Fe(CN)6], K4[Fe(CN)6], KNO3, sodium citrate (Na3C6H5O7) were purchased from Sigma-
Aldrich® and used without any purification. Ultrapure water purified by the Milli-Q plus system 
(Millipore Co., resistivity over 18 MΩcm) was used in all cases. The organosilanes 1, 2, 3 were 
prepared in-house by Miteni S.p.A. [19] via Electrochemical Fluorination (ECF) [20][21] and the 
NMR and IR-ATR characterization for 2 and 3 are reported below. All the organosilanes are stored 
under nitrogen prior to use. 
NMR and IR-ATR characterization for 2 (vide infra for the Variable Temperature NMR 
characterization). 1H-NMR (399.9 MHz, CDCl3, 298 K) δ: 3.56 (s, 9H, Si(OCH3)3), 3.41 (t, 3JH,H = 
8.0 Hz, 2H, NCH2CH2CH2Si-), 3.12, 3.01 (s, 3H, NCH3), 1.68 (m, 2H, NCH2CH2CH2Si-), 0.58 (m, 
2H, NCH2CH2CH2Si-). 13C-NMR (100.6 MHz, CDCl3, 298 K) δ: 157.4 (t, 2JC,F = 34 Hz, CO), 
120.0−105.0 (m, C5F11), 52.5 (NCH2CH2CH2Si-), 50.5 (SiOCH3), 35.2 (NCH3), 19.7 
(NCH2CH2CH2Si-), 6.1 (NCH2CH2CH2Si-). 19F-NMR (375.9 MHz, CDCl3, 298 K) δ: -80.8 (CF3), -
111.7 (CF2), -121.2 (CF2), -121.5 (CF2), -126.4 (CF2). IR-ATR (neat liquid, cm-1): 2948, 2845 (m, 
νCH), 1683 (s, νCO), 1080−1200 (vs, νSiO and νCF overlapping bands), 814 (s, νCF). 
NMR and IR-ATR characterization for 3. 1H NMR (399.9 MHz, CDCl3, 298 K) δ: 7.20 (bs, 1H, NH), 
3.36 (m, 2H, NCH2CH2CH2Si-), 1.70 (m, 2H, NCH2CH2CH2Si-), 0.65 (m, 2H, NCH2CH2CH2Si-). 
13C NMR (100.6 MHz, CDCl3, 298 K) δ: 157.5(t, 2JC,F = 26 Hz, CO), 120.0− 104.0 (m, C3F7), 50.5 
(SiOCH3), 42.2 (NCH2CH2CH2Si-), 21.8 (NCH2CH2CH2Si-), 6.3 (NCH2CH2CH2Si-). 19F NMR 
(375.9 MHz, CDCl3, 298 K) δ: -80.8 (CF3), -121.0 (CF2), -127.3 (m, CF2). IR-ATR (neat liquid, cm-
1): 3319 (m, νNH), 2947, 2845 (m, νCH), 1703 (s, νCO), 1544 (m, δNH), 1080−1200 (vs, νSiO and 
νCF overlapping bands), 814 (s, νCF). 
 
2.2 Sample Preparation  
Prior to functionalization, ITO glass slides (Optical Filters Ltd., UK; surface resistivity = 12 Ω×cm; 
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size = 0.7 cm × 2 cm) were treated in warm acetone for 5 min, rinsed in 1:1 Milli-Q 
water/isopropanol under sonication for 30 min, washed with Milli-Q water and dried under a N2 
flow [22][23]. Subsequently, the slides were immersed into a 5% (v/v) isopropanol solution of the 
target fluoroalkylsilane (5 mL) for 24 h under nitrogen at room temperature. The functionalized 
ITO substrates were thoroughly rinsed with pure isopropanol, dried at 50°C for 2 h and stored under 
vacuum for 5 h. The FAS were instead recovered for further reuse from the solution removing the 
isopropanol under vacuum. The obtained ITO-FAS systems were placed in vials containing 5 mL of 
freshly prepared-citrate stabilized AuNPs [particle size = (14±4) nm] solution for 30 min [18][24], 
rinsed with MilliQ water, dried and stored under nitrogen. All samples were prepared in triplicate to 
ensure outcome reproducibility. 
 
2.3 Instrumentation 
NMR spectra were recorded using Varian Inova 300 (1H, 300.1; 13C, 75.5 MHz), Varian MercuryPlus 
VX 400 (1H, 399.9; 13C, 100.6 MHz), Varian Inova 600 (1H, 599.7; 13C, 150.8 MHz) instruments. 
Spectra were internally referenced to residual solvent resonances, and unless otherwise stated, they 
were recorded at 298 K for characterization purposes; full 1H and 13C NMR assignments were done, 
when necessary, by gCOSY, gHSQC, gHMBC experiments using standard Varian pulse sequences; 
J.Young valve NMR tubes (Wilmad) were used to carry out NMR experiments under inert conditions. 
Variable temperature NMR spectra were recorded using spectrometers at 400 and 600 MHz for 1H in 
C2D2Cl4. Further details are provided in the Supplementary Information. 
DFT Calculations were performed by Molecular Mechanics (MMFF force field as 
implemented in Titan 1.0.5, Wavefunction Inc.). Final geometry optimizations were carried out at the 
B3LYP/6-31G(d) level [25] by means of the Gaussian 09 series programs [26]. The standard Berny 
algorithm in redundant internal coordinates and default criteria of convergence were employed in all 
calculations. Harmonic vibrational frequencies were calculated for all the stationary points. For each 
optimized ground state, the frequency analysis showed the absence of imaginary frequencies, whereas 
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each transition state showed a single imaginary frequency. Visual inspection of the corresponding 
normal mode was used to confirm the identification of the correct transition state. All the reported 
energy values, representing total electronic energies, yield the best fit with experimental NMR data 
[27]. Therefore, the computed numbers have not been corrected for zero-point energy contributions 
or other thermodynamic parameters. This enables to avoid artifacts that might result from the 
ambiguous choice of an adequate reference temperature, from the empirical scaling [28], and from 
the treatment of low-frequency vibration as harmonic oscillators [29]. 
 Further details are provided in the Supplementary Material. 
ATR-FT-IR analysis was performed using a Perkin Elmer Spectrum Two spectrophotomete r, 
equipped with an Universal ATR accessory, in the range 4000-400 cm1 with a resolution of 0.5 cm1.  
X-ray photoelectron spectroscopy (XPS) investigation was carried out by a Perkin Elmer  
5600ci spectrometer (working pressure < 108 mbar), equipped with a standard AlK X-ray source 
(h = 1486.6 eV). Adventitious C1s peak [Binding Energy (BE) =  284.8 eV was used for charging 
correction [30]. The BE standard deviation was estimated to be ±0.2 eV. Raw spectra were fitted by 
means of a non-linear least-squares deconvolution program (Shirley-type background, Gaussian-
Lorentzian peak shapes).  V5.4A sensitivity factors were used for the calculation of atomic 
percentages (at. %). 
Field emission-scanning electron microscopy (FE-SEM) measurements were performed using 
a Zeiss SUPRA 40VP instrument, using a primary beam acceleration voltage of 10 kV and collecting 
micrographs with an InLens detector. The ImageJ® (http://imagej.nih.gov/ij/, accessed July 2017) 
picture analyzer software was used to estimate the average nanoparticle dimensions and the AuNPs 
surface coverage (AuNPs SC %). Particle size estimation for each specimen was performed by 
averaging over various independent measurements. 
Electrochemical impedance spectroscopy (EIS) were recorded using a AUTOLAB type III 
controlled by a personal computer via NOVA 1.6 software, recording data between 10 mHz and 100 
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KHz. All the electrochemical measurements were conducted in a conventional three-electrode cell 
using a 0.1 M KNO3 solution containing 1 mM K3[Fe(CN)6]/K4[Fe(CN)6] (1:1) mixture, a SCE 
reference electrode and a Pt wire counter electrode in a N2 atmosphere at room temperature. EIS 
conditions: Eappl = +0.22 V vs. SCE; each measurement was repeated three times. The standard 
Randle’s equivalent circuit model was used to fit impedance data and to calculate electron transfer 
resistance (Rct) and capacitive elements. All the capacitive elements of the equivalent circuit have 
been substituted with CPE, namely, the “capacitance dispersion” expressed in terms of a constant 
phase element; 2 values of ca. 6 10-5 for all fitting results were calculated, yielding an excellent 
correlation between the experimental and simulated data. 
Contact angle (CA) measurements were performed under ambient conditions with a GBX 
Digidrop Contact Angle Meter, using the sessile drop method. Typically, 1 μL water droplets were 
used for the measurements, and CA values were determined averaging over three measurements. 
Drop images were recorded with a CCD-camera, after adjusting contrast, magnification and focus.  
Surface free energies for all samples and their disperse and polar components were calculated 
according to the Owens-Wendt-Rabel and Kaelble theory (OWRK method), using water and 
diiodomethane as standard testing liquids [31]. 
 
3. Results and Discussion 
3.1 Solution NMR Studies 
Fluoroalkylsilane 2 (Scheme 1) bears a tertiary amide group, where the N is substituted with a methyl 
and the alkyl silane moieties. From a conformational point of view, amides have been extensive ly 
studied [32][33][34] due to the N-CO partial double bond character, increasing the rotational barrier 
about this bond [35][36]. 
In compound 2, the long fluorinated chain exerts a strong electron withdrawing effect, 
enhancing the partial N-CO double bond character [37][38][39]. In addition, the methyl group on the 
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N increases the steric hindrance to the rotation, freezing the rotation about N-CO bond in the NMR 
timescale and generating a conformation pairs. 
Basing on the optimization of the ground state geometries, a simplified structure of compound 
2, named Et-2, was taken into account. In this model compound, the three-methylene chain bearing 
the silane moiety was replaced with an ethyl group, reducing the number of conformations with 
unrelevant energy barriers to be considered [40]. After DFT minimization [41], only two stable 
conformations were obtained, with a calculated population distribution of almost 50:50 (Fig. 1). 
 
Fig. 1. Calculated ground state and transition state for compound Et-2.  
 
Ground state geometries show that the amide carbonyl group is coplanar with the trigonal planar N 
of the amide, being either on the same side of the methyl group (E-GS1) or on the opposite side (Z–
GS; see Fig. 1). In the transition state, the trigonal N of the amide is distorted from planarity [42] with 
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a 116° angle (TS1) and 66° (TS2), with a calculated barrier of 19.07 kcal/mol and 20.25 kcal/mol 
respectively. The torsional barriers of the model compound were determined by line-shape analys is 
of NMR spectra recorded at variable temperature (Fig. 2). The NMR spectrum obtained at 40.5°C 
showed two distinct signals for the N-Me group, with 60:40 population distribution. Upon raising the 
temperature, the signals broadened and finally coalesced at 93°C. The experimental energy barrier, 
determined by line-shape simulation as (18.0±0.2) kcal/mol [43], is in good agreement with the 
calculated one.  
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Fig. 2. (Left) temperature dependence of the 1H N-Me signal of 2 (600 MHz in C2D2Cl4). (Right) 
Line-shape simulation, with the corresponding rate constants. Stars indicate peak impurities. 
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3.2. Characterization of ITO-FAS systems 
The FAS 2 and 3 were chemically bound to the ITO surface, a substrate chosen for its conducting and 
transparent properties [22] and their performances were evaluated and compared with those of 1 and 
4.  
Water CA measurement is one of the most sensitive probes to provide a measure of the interfac ia l 
hydrophobicity and oleophobicity of the examined FAS [44][45]. The static CAs for the target 
systems are reported in Table 1. 
 
Table 1 
Static CAs and Surface Free Energiesa; EIS parameters for the target specimens.b 
Sample 
H2O 
(°) 
CH2I2 
(°) 
l 
(mJ×m
ld 
(mJ×m 
lp 
(mJ×m 
Rct 
()
CPE 
(Fcm-2)
bare ITOc 81±6 43.6±1.6 41.0 37.8 3.2 305±5 12.4±0.1 
ITO-1c 113.5±2.9 88 ±4 14.0 13.6 0.4 13000±600 1.9±0.1 
ITO-2 
111.0±0.7 
 
 
90.4±1.2 
 
 
13.4 12.5 0.9 - - 
ITO-3 
106.1±1.2 
 
 
87.1±1.6 
 
15.6 14.1 1.5 293±8 10.7 ±0.3 
ITO-4b 99±5 70±5 24.1 22.8 1.4 1013±52 3.3±0.2 
a The liquid surface tension of water and diiodomethane used for the calculation are reported in Table 
S1. 
b All the analysis were done on three replicas, and the relative uncertainty resulted within ± 5 %. 
c Ref. 15. 
 
As expected, an increase of the contact angle is observed when the ITO surface is modified with the 
fluoroalkylsilanes, due to the hydrophobic character of the latter. Nevertheless, whereas CAs in water 
for ITO-1-and ITO-2 (both having a C5F11 perfluorinated tail) are very close, a slightly lower value 
is obtained for ITO-3 (RF = C3F7). In the case of ITO-4 having a C6F13 tail but no embedded amide 
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groups, the measured CA value is significantly lower. Similar conclusions can be drawn from the 
CAs data in diiodomethane shown in Table 1. 
Surface free energies (l) with their disperse (ld) and polar fractions (lp) are also reported in 
Table 1 [31]. In agreement with the observed CAs values, a significant variation in these values took 
place for the FAS-modified surface, and similar l values were obtained upon using 1, 2 and 3. The 
comparable values observed for ITO-1 and ITO-2, possessing the same RF length, suggest that the 
presence of the -N(CH3)CO- group instead of the -N(H)CO- one does not appreciably affect surface 
properties. Furthermore, the close values observed for ITO-1 and ITO-3 show that a decrease of two 
RF units does not significantly impact the hydrophobicity of the modified ITO. Conversely, a 
completely different behavior was observed for ITO-4, whose l is higher than 20 mJ×mthe value 
normally considered the upper limit for amphiphobic (i.e. oleophobic and hydrophobic) surfaces. It 
is worth reminding that the l reported for poly(tetrafluoroethylene) (PTFE, Teflon) and 
CF3(CF2)7CH2CH2Si(OMe)3 (often abbreviated as FAS17) correspond to 18.5 and 12 mJ×m-2 , 
respectively [46][47][48][49].  
EIS has been used to measure the ionic conductivity of the ITO-FAS systems; their charge 
transfer resistance was calculated measuring the diffusion of the redox probe 
K4[Fe(CN)6]/K3[Fe(CN)6] [50]. The higher the charge transfer resistance of the electroactive surface 
(Rct, diameter of the semicircle portion of the Nyquist plot), the higher is the insulating character of 
the layer [51]. Table 1 reports the Rct and CPE values [52][53][54]. 
As previously reported, the Nyquist plot of bare ITO presented a very small semicircle in the 
high frequency region and a straight line in the low-frequency one, indicating that the electron transfer 
process of the redox couple is essentially diffusion-controlled [15]. On the contrary, the presence of 
FAS 1 and 4 on the ITO surface resulted in a considerable semicircle enlargement, due to the increase 
in charge transfer resistance (i.e., increase of the blocking behaviour of the self-assembled layers). 
The high Rct value observed for ITO-1 was attributed to the ability of the internal -N(H)CO- moiety 
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to generate hydrogen bonds between neighbouring molecules and to create an ordered layer endowed 
with good insulating proprieties [16]17][55][56]. ITO-3 (RF = C3F7) showed a Rct similar to that of 
bare ITO (Table 1, Fig. 3), suggesting the occurrence of an easier electronic transport. This result 
suggests that amide groups, in the presence of a short capping perfluorinated chain, are unable to 
affect the rate of electron transfer across the layer. In contrast to the ITO-FAS examined so far, ITO-
2 presented a poor reproducibility of the Rct and CPE values. This behaviour was attributed to the co-
presence of two E/Z conformations (see above) that, during ITO functionalization, give rise to a 
disordered packing of the target molecules.  
 
 
Fig. 3. Nyquist plots for ITO-3. 
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3.2. Characterization of AuNPs/ITO-FAS systems 
The chemical composition of AuNPs/ITO-FAS systems was investigated by XPS. Regardless of the 
preparative conditions, survey spectra (Fig. S1) revealed the main presence of C, O, F, Sn and In, 
whose presence was related to the polymeric chain and to the used substrate. Irrespective of the 
preparative conditions, the C1s signal could be deconvoluted by means of four components (see Fig. 
4a as a representative example): (i), BE = 284.8 eV, assigned both to adventitious carbon 
contaminations and to C-C bonds from the used matrices; (ii), BE = 286.9 eV, attributed to C-O 
bonds; (iii), BE = 291.8 eV and (iv), BE = 294.0 eV, ascribed to CFx moieties in the perfluorina ted 
tails [57][58]. For all the analysed specimens, two peaks contributed to the O1s signal (Fig. 2b): (I), 
BE = 532.6 eV, ascribed to oxygen species in the organosilane; (II), BE = 530.0 eV, due to lattice O 
in ITO (substrate) [57][59][60]. 
As a general observation, the F1s peak, centred at BE ≈ 689.0 eV (Fig. 4c), resulted from 
fluorine presence in CFx groups [57][61]. Apart for ITO-4 (in which the Au signal was below the 
detection limits), for all the other specimens the Au4f peak (Fig. 4d) displayed two spin–orbit 
components and the position of the Au4f7/2 [BE = 83.8 eV] confirmed the metallic state of Au 
nanoparticles [57][59][63]. Interestingly, the samples were characterized by different surface atomic 
concentration of Au, clearly highlighting the role of the polymeric chain. In particular, Au surface 
atomic percentages were calculated to be: ITO-1: 0.3 at.%; ITO-2: 5.5 at.%; ITO-3: 2.0 at.%. In 
addition, it is worthwhile noting that: i) the Au at.% is related to the number of Au NPs (Fig. S4); ii) 
since each silane molecule has only one Si atoms, the Si at.% can be associated to the number of 
silane molecules. On this basis, the ratio between Au at.% and Si at.% concentration can yield 
information on the Au NPs concentration as a function of the number of silane molecules. The 
obtained (Au at.%)/(Si at. %) data highlight a higher Au NP content in the ITO-2 specimen, in line 
with the SEM data analysis (ITO-1: 0.05; ITO-2: 0.80; ITO-3: 0.65, see below). 
The analysis of N1s signals (Fig. S2) revealed similar features for ITO-1, ITO-2 and ITO-3 
samples (excluding sample ITO-4 in which N was not present), and the band centered at BE = 400.3 
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eV could be attributed to –N(R)C1O groups [57][59][63]. Interestingly, the N concentration (ITO-
1: 0.5 at.%; ITO-2: 3.2 at.%; ITO-3: 2.5 at.%) displayed the same trend as the Au at.%, highlighting 
the role on N species in the immobilization of AuNPs [64][65]. This conclusion was further supported 
by the absence of Au signal in the sample ITO-4, in which N-groups were not present.  
 
Fig. 4. Surface XPS signals: (a) C1s and (b) O1s peaks for a representative sample (ITO-2); (c) F1s 
signals for all the analysed specimens; (d) Au4f peaks for all Au-containing samples (ITO-1, ITO-
2 and ITO-3). 
In order to obtain a further confirmation regarding the important role played by the amide 
nitrogen towards AuNPs distribution, a detailed FE-SEM investigation was performed as a function of 
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the adopted processing conditions. For all the target systems, the analyses confirm the presence of 
AuNPs characterized by an average size of (15 ± 4) nm (see Fig. 5 and Fig. S3), a value very close to 
the one of the pristine colloidal solution. Nevertheless, the recorded FE-SEM images (see Fig. 5 and 
Fig. S3) enabled to confirm that the dispersion of the AuNPs was appreciably influenced by the 
chemical nature of the used FAS molecules, giving rise to a different NP surface coverage (SC %) 
with the following trend: 60% ITO-2 > 16% ITO-3 > 9% ITO-1 > 3% ITO-4.  
 
100 nm
50 nm
100 nm
50 nm
ITO-2
ITO-3
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Fig. 5. Representative FE-SEM micrographs pertaining to the samples ITO-2 and ITO-3 collected 
at different magnification levels. 
 
The highest value of SC% was obtained for the sample characterized by the presence of a methyl 
group on the amide nitrogen, which may result, as reported in Scheme 2 and in agreement with EIS 
data discussed in the previous section, in the formation of a less compact and more disordered FAS 
layer enabling an easier penetration of AuNPs within the hosting material [58]. 
 
Scheme 2. Schematic representation for the AuNPs/ITO-2 system. 
 
These evidences agree to a good extent with the above reported XPS results for surface Au at% of 
each sample and are further corroborated by the linear trend obtained by plotting the XPS surface Au 
at% versus the extrapolated Au SC% values (see Fig. S4). This result is indeed of great importance 
for the possibility of controlling the gold loading on electroactive surfaces modified by a silane-based 
fluorinated coating. 
 
Conclusions 
ITO ITO ITO ITO
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In this work we studied the influence that an embedded amide functional group -N(R)CO- (R = H, 
CH3) has on the structure and surface properties of ITO silanized with FAS having formula 
RFC(O)N(R)(CH2)3Si(OMe)3 (1, R = H, RF = C5F11; 2, R = CH3, RF = C5F11; 3, R = H, RF = C3F7). 
The results were compared with what found with RF(CH2)2Si(OEt)3 (4, RF = C6F13) and significa nt 
differences were observed. 
We found that the systems ITO-1, ITO-2 and ITO-3 show comparable surface properties: the 
CAs in water are very similar (113.5°, 111.0°, 106.1°) and higher than ITO-4 (99.2°) confirming that 
the amide group can efficiently balance the lower fluorine content in the surface hydrophobization of 
materials. Indeed also similar surface free energies were found for the former class of samples that 
present an amphiphobic nature. 
On the other hand the EIS electrochemical characterization of ITO-FAS coupled with the XPS 
and FE-SEM characterization of AuNPs/ITO-FAS  has allowed to shed light on the chemical-phys ica l 
changes  occurring on the modified ITO when i)  the amide nitrogen is bearing a proton or a methyl 
or ii) the length of the perfluorinated tail is shorten of two units  from C5F11 to C3F7. The behaviour 
of the organosilane C5F11C(O)N(CH3)(CH2)3Si(OMe)3 (2) is particularly noteworthy. VT NMR 
studies revealed that the presence of a methyl group on the amide nitrogen increase the steric 
hindrance in the rotation around the N-CO bond generating, at room temperature, two stable E and Z 
conformations with a 60:40 population ratio. The presence of these two conformers in solution 
combined with the lack of intermolecular N-H...OC-N hydrogen bond among the anchored molecules, 
has dramatic influences on the silanized ITO giving rise to a disordererly packed coating layer able 
to accommodate a large quantity of AuNPs. 
These results indicated that AuNPs can have a dual role: i) they can act as excellent probe to 
evaluate the morphology of the coating layer; ii) their degree of immobilization on electroactive 
surfaces modified by different silane-based fluorinated coatings can be tuned depending on the silane 
structure. 
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